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(54) X-ray beam position monitor and its position measurement method 

(57) The present invention provides a X-ray beam 
position monitor, including a diamond plate placed so 
that the X-ray beam pass through diamond plate, and a 
plurality of electrode pairs placed on both sides of the 
diamond plate. The monitor makes i1 possible to monitor 
position of high power X-ray beam with high accuracy 
and at high speed. In addition, the monitor can be stably 
operated and reduce costs for manufeicturing itself. 
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Description 

BACKGROUNP r>P THE INVENTION 
5 FIELD OF THF INVENTION 

The invention relates to an apparatus for monitoring position o1 X-ray beam such as synchrotron radiation and also 
to a methcxJ of monitoring position of X-ray beam. 

10 nPgr-RiPTiON '7F THF ^^g" ^"T 

llSnglh, %r c.ying ou, s.ch e»»i™n,s. Ihe X-,,, bean, positon moo.Brs =.e n»»s.„ « 0«e, K, 

■^T' "?^'™*^S'l.''r=rdisco««ed in 1940s based on the fee IMl eleWons moving a. ne»l, li9« speed in 
e .,L'ro;™rr"j:,^^h:e,.»»n,,n.,ic ..ves. S.* , s^o.on ,a..a«oncn b. ^e*ed 

synchrotron 3 The accelerator The electrons 7 circulate at a high speed in the accumulation 

« the --.7'^*'-^^^^^^ ^^^^^ higTenerrr^^^^^^^^^ W»,en electror^ pass through bending magnet or insertion 
Sees a bS s e^^^^^^ 8 arelansported to the experimental ^PP-tus 6 thro^th^^^^^^^ 

^ 3ri=^=rrrei^^^^^^^^ 

be StS in var^ u^^ (a) research for structure and characteristics of material such as arrangement 

*^^?^ra^lS meJrtioned synchrotron radiation is a quite brilliant light ranging from vacuum ultraviolet (VUV) having a 
wav^enriuTl to o^^^^^^^^^ angstroms to X-rays having a wavelength o1 about one angstrom wh.ch region 

Ts it dticXo be Obtained by other light sources. The synchrotron radiationprovides advantages as follows. 

A If electron energy is sufficiently high, the radiation beam exhibits continuous strength profile in a wide range of 

of ele^^n beams. However, elliptic polarization is caused H the X-ray beam is emitted at an angle with the orbital 
plane of electron beams. 

However, as the synchrotron radiation has been used and researched, it was found that it has shortcomings as fd- 
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lows. 



A Since the liaht intensity of the radiation beam ranges in quite broad wavelength range, it is unavoidable for mon- 
^h^oSrzeitgW unignorable amount of higher order and stray lights. Furthermore, an optical device 

worn out bv liahts in non-used wavelength range. . ^- -* ^.^ 

B The collimation of the X-ray beam is better than an X-ray tube having three^.mensKjnal directivity, but not so 
Sharp as laser having one-dimensional directivity. 
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Thus, as illustrated in Figs. 2A and B. insertion devices called an undulator and a wiggler have been researched 
and developed. These insertion device are located in linear portions of the accumulation ring or circular accelerator 
between bending magnets to generate high brilliant photon beams with constant energy. Such insertion devices have 
been reported in many articles, for instance. "View about Light Source for Synchrotron Radiation Users". Proceeding of 
IT the 2nd school of the Japanese society for synchrotron radiation research. 1989. and "Technology of High brilliant syn- 
chrotron radiation". Buturi published by the Physical Society of Japan. Vol. 44. No. 8. 1989. 

Until now. the following photon beam position monitor have been suggested: (a) a monitor using fluorescent images 
appearing on a fluorescent screen; (b) a chopper type monitor; (c) a split ionization chamber; (d) a monitor utilizing flu- 
orescent X-rays; and (e) a monitor utilizing photo- electrons emission. The above mentioned monitors (a) to (e) have 
10 problems that they remarkably interrupt beams, and that it is not possible to be installed In beam lines in high vacuum 
condition. Thus, they can be used in beam lines in only specific conditions. 

The above mentioned monitor (a) receives a part of photon beams on the fluorescent screen, and monitors position 
of the photon beams by analyzing fluorescence image with a television camera. However, the position sensitivity is 
restricted by grain size of fluorescent material, magnification power of an lens of the television camera, and the number 
15 of CCD piccells of the television camera, and thus, it is difficult to have position -resolution smaller than 50 ^m. 

The above mentioned monitor (b) monitors position of photon beams by oscillating a reed on which certain fluores- 
cent material is coated at high speed in photon beams. 

The above mentioned chamber (c) has an anode plate and a cathode of two right angled tnangle plates. When pho- 
ton beams pass between a cathode and an anode of the chamber, ions produced in the chamber are collected on the 
cathode divided into upper and lower portions. If the photon beams move, there is produced a difference between ion 
currents flowing into the two portions of the cathode. The position of the photon beams can be measured from such a 
difference. A few hundreds of voltages is applied between electrodes. The shortcoming of this monitor is that It is quite 
sensitive to a flow rate of gas (normally. He gas) flowing through the chamber. 

Since the beams lines for photon beams need to be in high vacuum condition similarly to the acceleration ring, the 
25 photon beam position monitor must be high vacuum compatible. It is not allowed to be installed the monitor in the high ' 
vacuum position of beam lines because it makes use of gas. 

In the above mentioned monitor (d). a target made of tantalum (Ta) Is installed in beam lines, and secondary fluo- 
rescent X-rays emitted from the target is observed by a scintillation counter to monitor the position of photon beams. 
However, it has a problem that it significantly interrupts photon beams. 
30 The above mentioned monitor (e) has many advantages such that it can be directly installed in beam lines in high 
vacuum condition, it has sensitivity in wide range of wavelength ranging from VUV region to X-ray region, and it has 
superior stability, position-resolution and dynamic ranges. Hence, various types of the monitor have been developed, 
and have been widely used. The quantum efficiency of photo-electron emission at a surface of metal is not so large, 
and is on the order of a few percents. The metal with high melting point such as tungsten (W) or molybdenum (Mo) is 
35 used as an electrode on which the photon beam radiate. 

For insertion devices in beam lines above mentioned monitor (e). which has blade type electrodes is generally - 
used. Thus, the monitor is likely to be influenced by back ground caused by the radiation emitted from bending magnets.. 
In addition, the monitor has a problem that a shade caused by a blade of a monitor placed upstream tends to exert a 
influence on a monitor placed downstream. 

It is considered that a semiconductor detector is applied as a X-ray beam position monitor. 
As a semiconductor Si or G is often used, in which a reverse voltage is applied across p-n junction. When X-ray 
beams are injected into the p-n junction, electron-hole pairs are created and it generates current. 

However, such a semiconductor detector has small response speed as a X-ray beam position monitor due to small 
saturated velocity of carriers (Si has a saturated electron velocity of 1 x 10^ cm/s). because of the electric property of 
45 Si or Ge. Even intrinsic Si having high purity has resistivity of about 1 0^ n • cm. and Ge has lower resistivity. If an elec- 
trode is attached to an intrinsic Si or Ge semiconductor and a voltage is applied across the electrode, there is produced 
excessive dark current. Thus, a p-n junction is used for the suppression of the dark cun-ent. and a reverse biased volt- 
age is applied to it. 

On the other hand, if single crystal diamond is to be used for a detector, it is possible to obtain quick response and 
so high sensitivity For instance, such a monitor has been suggested In Japanese Unexamined Patent Publication No. 62- 
198780 and European Patent No 52397. This is because carriers in single crystal diamond has high saturation electron 
velocity, specifically. 2.5 x 10^ cm/s. 

When a diamond is to be used as a detector, a voltage is applied to an intrinsic region which is to act as a active 
element. Therefore p-n junction is not necessary. This is because a diamond has sufficiently high resistivity in an intrin- 
55 sic region, and hence it is possible to suppress the decreased dark current. 

When X-ray beams radiated perpendicularly to a plane of the semiconductor of Si or Ge. electron-hole pairs are 
generated only in a depletion layer of p-n junction. Therefore it reduces the sensitivity. On the other hand, in a diamond 
having no p-n junctions, electron-hole pairs can be generated in the whole region through which X-ray beams have 
passed. Thus, the latter type detector can have higher sensitivity, but single crystal diamond having the small number 
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o, cysta, d..ecs showM be u.ed. Ho»e.«. „ ^ no. e»y B *»in „ «. «»lc«e tuch slog^ co^l d^n»«. * te« 

requisite quality, and has quite low sensitivity to radetion 3 3^,ggested a radiation 

To resolve these problems. Japanese Unexam ^ed ^a^^ent Pijm sensitivity of polycrystal 

detector using polycrystal diamond ^'^.^^^'^'^^^^^^ 'resent amoTc^"? there is used column- 

diamond of detecting radiation beams '-.9^^'" or voltage application direction 

Shaped polycrystal diamond in wh'ch grain radiation detector operating at high speed, 

in a region at which a voltage .s applied to ^ ^^^^^^l *° f f.^. not allowing grain boundary to exist in growth 
having high sensitivity and being iabncated "'^f^^^J^P;^^^^^^^^^ is%o remove a surface on a growth 

direction or voltage application ^/^f .^^^^^^^^ of grain boundary and crystal defects 

crystal defects. ^ by means of the above mentioned insertion 

It is now possible to generate more br.ll.anl X ray ^^^"^fj"^" ° necessary to detect the position of X-ray 

devices such as an undulator and a -99'- ^"T^^^^^^ 'i^hi became diffiilt to use a conventional X-ray 

beams with accuracy in various experiments utilizing X-ray beams, nas 

beam posrtion monitor position due to too intensive X-'-ay^^^^t;^ ^^-^^ -,s required to have functions as 

A X-ray beam position monitor to be used for ^^^"^^''^ ^^^^^^^^^^ a wide monitoring range; (b) high 

follows: (a) ^i9h position resolution on the order of sub „ ^ ^.^^ ^^^^^^^ 

heat-resistance; (c) quick response and Pf^''^'''^ °* magnets and scattering beams; (e) 

used tor an insertion device beaml.ne can divided into the '°"°J^'^9 « H ^^^^ 3^ respectively. 

S^d^^t^e^Thi^^^^^^^^^^^ 

Sot b? uTed in a u.tra-h!^h vacuum portion in a '^-^ "^^^^^^^^^ on irrpingement of X-ray beams to 

The wire type monitor illustrated in F.g. 3B utilizes P'^o^^^'^*^" ^^^^^ v^res are fixed on opposite 

a Wire made oTmetal. This --"'^^-.^'f^X^^^'^f,^ rec^to h^eS^m^^r the beam posHion. In the 
Sides of the X-ray beams, and a "^^^^^^^^ ^^^^^^^^^^^^^ is monitored. This montor is superior in 

scan type, a wire is scanned across the X-ray beams^and tnen oe p monitoring takes relatively long 

position-resolution, response time^ Jl\^"f On the other hand, the fixed 

time. arxJ hence a quick feed-back control is difficult m t^^^Jff®^'"™";^ orosstalk between wires, 
type provides quick response, but has ^L^^l^^J^^'^l^J^^^^^ of X-ray beams to 

The area type monHor aiustraled in Fig, f utilizes P^°*°^^*^°;^^^^ ^diation beams, and mon- 

an electrode made of metal. This monitor '-''f Lctrile. This monitor is superior in 

roLe=r.:g^re— - - - ^ "^-^^ 

to a blade made of metal. This monitor '"'^"Jf P^^' °' "^^^^^^ of the blades. This monitor is superior in posi- 
the beam, and monitors beam position ^^i^^^^^^^^/n "^^^^^^^^^^ position monrtor. However, it has a 

tion-resolutipn and response time, and thus is ^^^^^-^'^ by the variation of beam profile, 

problem that it is likely to be influenced by back 9^"^ "^^^^'^'"J^f^^^^ wJfen usS for a recent synchrotron radia- 
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Thus, a X-ray beam position monitor to be used for an insertion device beam line is required to have the following 
characteristics: 

(a) it can provide high position-resolution on the order of sub-microns; 
£ (b) it is possible to place the monitor in high vacuum condition; 

(c) it has high heat-conductivity, and also has high heat-resistance; 

(d) it has quick response; and 

(e) it has radiation-resistance, and can stably operate in long term. 

70 In a conventionally used X-ray beam position monitors which utilizes photoelectron effect, the metal blades are also 

exposed to X-ray beams, and hence temperature of the blades remarkably raises. Thus, refractory metal is used as 
blades, and water cooling on sidewalls of the blade in order to prevent it from being damaged and increase heat trans- 
fer. However, as the beam power increases a conventional monitor using metal blades becomes unable to thermally 
withstand. 



75 



SUMMARY O F THE INVENTION 



The invention has been made to resolve the above mentioned problems. It is an object of the present invention to 
provide a X-ray beam position monitor, capable of: (a) providing high accuracy for monitoring position of X-ray beams; 
(b) withstanding high-powered X-ray beams for long time, namely, having radiation-resistance and heat resistance; (c) 
providing quick response ; (d) being unlikely to be influenced by back ground of bending magnets; (e) having less radi- 
ation beam loss and scattering, namely, having high transmission, and thereby monitoring the beam position while 
using beam for experiments (on-line monitoring): (f) being easy in maintenance and stably operating in long term; (g) 
being relatively readily manufactured at low costs; and (h) being directly installed in high vacuum condition. 
25 Namely, it is an object of the present invention to provide such a monitor capable of having required characteristics, 

monitoring high-powered X-ray beams with high accuracy at high speed, stably operating, and decreasing manufactur- 
ing costs. 

In one aspect, the present invention provides a X-ray beam position monitor, comprising a diamond plate placed so 
that X-ray beam pass through the diamond plate, and a plurality of electrode pairs placed on opposite sides of the dia- 
30 mond plate. 

The monitor further includes a DC current source for applying a voltage to the electrode pairs.. and a current meas- 
. uring apparatus for measuring a current flow through the diamond. 

In a preferred embodiment, the electrode pairs are formed symmetrically with one another about an intersection of 
the radiation beam with the diamond plate. 
35 In still another preferred embodiment, the monitors further Includes an arithmetic processing circuit which gives a 
beam position. 

In yet another preferred embodiment, the monitor further includes a cooling mechanism for the diamond plate. 

In further another preferred embodiment, the monitor further includes a feed-back system for feed-back control of 
a beam position on the basis of a measured beam position. 

In further another preferred embodiment, the diamond plate is composed of a single plate. 

In further another preferred embodiment, the diamond plate is composed of a plurality of flat plates. 

In further another preferred embodiment, the diamond plate is fat>ricated by vapor phase synthesis. 

In further another preferred embodiment, the diamond plate is conposed of single crystal diamond or polycrystal 
diamond. 

45 In further anomer preferred embodiment, the diamond plate has resistivity equal to or greater than 10 CI - cm. 

In furthier another preferred embodiment, the diamond plate is formed with a hole or a thinner thickness portion in 
the center of it. 

In further another preferred embodiment, the diamond plate has a diamond layer having lower resistivity. 
In further another preferred embodiment, the diamond layer has resistivity ranging from 10'^ to 10^ Q • cm. 
so In further another preferred embodiment, the diamond layer is a layer into which boron (B) is doped. 

In further another preferred embodiment, the diamond layer is a layer into which boron (B) is doped at a dose of 
10'' ^/cm^. 

The present invention further provides a X-ray beam position monitor, including a diamond plate and a plurality of 
probes made of a metal film formed on the diamond plate, the monitor being placed perpendicularly to the radiation 
55 beam. 

In another preferred embodiment, the diamond plate is made by vapor phase synthesis. 
In still another preferred embodiment, the diamond is a polycrystal diamond made by vapor phase synthesis. 
In yet another preferred embodiment, the diamond plate is formed with a hole or a thinner thickness portion in the 
center of it 
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(Cu) or beryllium (Be). ^^nrtnrc: includina a diamond plate to be placed perpendicu- 

placing a diamond plate pairs, (c) measuring a current flowing 

pass through the diamond plate, (b) app ying " ^-rav beam based on the current 

through the electrode pairs, and (d)^ ""°"".^S°nTet^^^^^^^ Q- Stretter's case in 1941 . However, since 

A first example of using diamond as a f„f diamond was not generally used. These 

diamond was quite expensive at '^'^Zt^^l^rSt^u^^^^^ been developed, and hence diamond 

days, technology tor synthesizing ^^"""^ '^^nSii mere is now possibility of putting a radiation detector 

having superior characteristics .s availab e f P'^^;;^';^'^^i^nductor d^^^^ using Ge or SI. 
including diamond to practical use s-ilaHy o a ,3 across p-n junction. Then, radiat^ 

in a semiconductor detector using Ge or Si. a to be generated in the p-n junction. On the 

t.eam can be measured by detecting a '="-f'l^te^^,2?e as an insulator. How- 

other hand, diamond has high resistance beam produces electron-hole pairs in diamond 

diamond has additional characteristics «^ '^^^"Xtimes larger radiation-resistance than silicon, and (c) 

gamma rays and high energy electrons in ^'9^ ene j physcs «cpenm^^^^ experimental example in which output 
radiation detectors for BSC and LHC". M. ^^^^'^''^f^/^'^'^^''^^^^ xTay power measurements with sub- 
power of synchrotron radiation was '"^^.f"^?^'^*^^^' ^'c^^^^^ r. Kania et al.. J. Appl- Phys- 68(1). 1990^ 
nanosecond time resolution using type lla heat-resistance and radiation-resistance of 
The inventors pay attention to ^'f^^'^'^rTyt^^^^^ to be installed in beam lines in harsh con- 
diamond as a photoconductor and P^' J,^.^i^;;y3^^^^^^^ invention, by using technology for forming elec- 
ditions such as high radiation level and ^fj^.^^^^'^'^^^^^ characteristics of diamond, there is provided a 

rx"p— r^wS^ 

''^^Th^prent invention is based on the above mem-i^^ 

the above mentioned novel objects. v,w^«tir.n inriiides a diamond plate placed so that X-ray beam 

The monitor made In accordance with the P-J^ 'T'Zn S'sldes'of the diamond plate. Thus, it is 
pass through the diamond plate, and a plurality of ^^^'^^^;^^^^°^^^,o6e pairs by detecting current signals 
possible to measure the X-ray of radiation '^f'^. f^^^^^^^^^^^^ holes to be geneiBted when 

through electrode pairs, which ^gnals ^'^^^^ ^I'^^^Zy^orXU^r include a DC current source for applying a 
the X-ray beams pass through the diamond plate. The "^^J^^ measuring a current flowing between electrode 

based on intensity of X-ray beams P^^«"9f rough ete^^epa.r^^ ^^.^ ^^^^^ ^.^ 

The above mentioned X-ray beam P°^'t'°" '^^"^^^"^^^^^ long term, namely, having radiation- 

in high degree vacuum cond«on. (b) -^J^^^^^^^^^^^ puick response; (d) having less radi- 

resistance and heat resistance because of ^^"^"'f^^^^^^ transmission of X-ray beam: (e) monrtDnng 

ation beam loss and scattering by using a ^'^""^^'^^^^^^ (,) providing high accuracy in monitoring 

position Of X-ray beams while using ^eam^lor exp«r^^^^^^^ on ^« J^^^^'^^^^ by back ground from bending 
beam position by forming electrodes with high accuracy electrodes near the center ot the diamond 

.agnel radiated at -cumference oj ^^^^--^^^^^^^^^^ SnsitJvt and (h) using thin-«m diamotd which has 
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In the monitor, the electrode pairs may be formed symmetrically with one another about an intersection of the X-ray 
beam with the diamond plate, thereby it becomes easier to measure a center of the X-ray beams. 

The monitor may further include a cooling mechanism for the diamond plate, thereby avoiding overheat of the dia- 
mond plate. The monitor may further include a feed-back system for carrying out feed-back control of the beam position 
5 on the basis of a measured beam position, thereby making it possible to keep the position of radiation beams stable. 

That is. the inventors has paid attention to diamond which has large thermal conductivity among materials and also 
' has relatively high radiation-resistance, and has found the use of diamond to the X-ray beam position monitor. 

Diamond has following advantages as the X-ray beam position monitor in comparison with conventional material 
heretofore: 

10 

(a) diamond has at least 100 times greater radiation-resistance than silicon (Si); 

(b) diamond exhibits superior electric and mechanical characteristics even in high temperature conditions at hun- 
dreds of degrees; 

(c) diamond has large velocity of carriers (electrons and holes) of about 2.5 x 10^ cm/s, which provides first rise 
75 time below 1 ns; 

(d) diamond has dielectric constant which is about half of that of Si, and hence smaller capacitance per unit area, 
resulting in lower noise and higher S/N ratio; and 

(e) diamond has relatively large band-gap. specifically. 5.5 eV. and thus needs not p-n junction, thereby the monitor 
being able to have sirrple structure. 

The inventors have fabricated the monitor on an experimental basis of various types by using diamond having the 
above mentioned advantages, and studied and researched. As a result, the inventors have made the X-ray beam posi- 
tion monitor which can be fabricated at low costs and can stably operate at high speed. 
Hereinbelow is explained the present invention in detail. 

25 A diamond plate to be used for the present invention needs to be shaped in accordance with a shape of a beam 

line into which the monitor is installed. When a circular diamond plate is to be used, it is required to prepare plate type 
diamond having a diameter equal to or greater than 10 mm. Hence, it is difficult to fabricate artificially synthesized dia- 
mond made under high temperature and high pressure and natural diamond with required size. Even if obtained, such 
diamond would be quite expensive. On the other hand, diamond to be synthesized in accordance with vapor phase syn- 

30 thesis has an advantage that diamond with larger surface area can be fabricated at low costs. 

The diamond plate may be composed of single crystal diamond or polycrystal diamond. In view of costs, polycrystal 
diamond can be fabricated at lower costs. Both of single crystal and polycrystal diamond may be used in combination. 

As mentioned earlier, since the diamond plate to be used for the present invention needs to be shaped in accord- 
ance with a shape o1 X-ray beams, the diamond plate ordinarily has diameter of 10 mm or greater, and has a thickness 

35 of preferably 1 0 ^m or greater, more preferably 50 jim or greater. If the diamond plate is too thick, it would be expensive. 
Hence, the diamond plate has a thickness preferably smaller than 1 mm in view of costs. The preferable thickness of 
the diamond plate is in the range of 50 \itr) to 400 jim. 

When polycrystal diamond plate is used, there may arise a problem of deterioration o1 monitoring ability in grain 
boundary This problem can be solved by the process having t>een suggested in the above mentioned Japanese Unex- 
amined Patent Publication No. 4-145668. That is. polycrystal diamond includes much of grain boundary in the vicinity 
of a growth substrate and growth surfaces which is interface with the substrate, and may include much of crystal 
defects. These decrease mobility speed of carriers to be generated when X-ray beams are emitted to the diamond 
plate. Hence, an interface between the growth surface and the substrate is scraped off by at least about 5 ^im and is 
increased in smoothness thereof, or is formed with a low resistivity layer, to thereby decrease influence to be exerted 

45 on monitoring performance of the diamond plate. The latter is simpler than the former, and for instance, the low resis- 
tivity layer may be used as an electrode to be used for detecting a current as later mentioned with reference to Fig. ISA 
showing the third errtoodiment. In addition, the formation of the low resistivity layer advantageously makes it possible to 
form a smaller metal electrode through which signals are read out and place the metal electrode farther away from a 
center of X-ray beams. The formation of the low resistivity layer makes it no longer necessary to polish both the growth 

so surface and the interface, resulting in that all of grown diamond can be utilized. If necessary, polishing may be carried 
out. 

The diamond plate to be used in the present invention may be synthesized in accordance with any of vapor phase 
synthesis processes known in the art. A substrate on which diamond is to grow may be composed of Si. Mo or SiC. It 
is also possible to use polycrystal diamond having less grain boundary in growth direction. Such polycrystal diamond 
£5 can be obtained by enhancing orientation in diamond vapor phase synthesis. 

The low resistivity to be formed in the diamond plate can be formed by doping sufficient amount of impurities while 
diamond is made grown by vapor phase synthesis. Impurities to be doped include, lor instance, B, Al. Li. P and Se. 
Among these impurities, boron (B) is preferable, because it can effectively provide electrical conductivity to diamond 
without deteriorating aystallinity. 
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, IS preferable for the low res.«vHy 'ay- to Have a It.^^^^^^ 
thickness is not preferaWe because a portion ^av-ng sens.t vrty °Xjayb^m^ ^-Jf a „etal electrode 
limit in thickness is about 50 ,m. It .s necessary for ^^f^^^^^^^ "Addition, it is preferable that shape 

mask beir^g composed of materia, o? ^-^^^^^^^^^^ conductive dia- 

substrate. The mask may be made °- ^'92 or 1^ lonn^^^^^^^^ completed. If a width of division or a gap 
mond, the mask is removed. Thus, the divided 'f^^^^^ 

between the divided low resistivity layers .s too small, J.^ Thus, the gap of layers 

A metal electrode to which voltage .s applied and preferably composed of T,. Mo. 

. . - oc an oiprtrode throuqh which a current signal is detected, it is preferable for 

presence of the mon«or and also ^<^;^"^^*^.°"^,?^^ „ m. „i ,ne monSor. ft dian,eKr ol 

,.r.rnr™r.ne:e=fht^r^^ 

•^'-^^y^l^-re^TSS^SrnJIn^^roir^XIS 

the monitor may be used as an monrtor having ^^cuurn w.ndo>^ ^ 
«orir:,r:Se'^~t"?o=rS'<:^^S^ ...^ cna,a«e,sde.,na,. 

the same or similar parts throughout the drawings. 
40 pPiFF nESCP iPTiON OF THF DRAWINgg 

45 Figs 3 A to 3D are perspective views of conventional a ray oeam 



present invention; 



55 



F.9. 6 is a side view laten alona ll.e " =■ ^ „^ enfcodimenl otlha pres»« invendon: 

z a-: rirrrx':;^:;^ ^^rr^in .chance ^ ^ «. 
^;r,otTs'5Si™rrxrs^rr:xc.r;an»,i»n^e,nac^ 
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Fig. 12B is a cross-sectional view taken along the line X12-X12 in Fig. 12A; 

Fig. 1 3 is a schematic view showing steps of fabricating the apparatus in accordance with the second embodiment 
of the present invention; 

Fig. 1 4 is a schematic view of an equipment for monitoring X-ray beams by placing the monitor made in accordance 
5 with the present invention in a beam line; 

Fig, 15A is a plan view illustrating a X-ray beam position monitor made in accordance with the fourth embodiment 
of the present invention; 

Fig. 15B is a cross-sectional view taken along the line X15-X15 in Fig. ISA; 

Fig. 16 is a schematic view showing steps of fabricating the apparatus in accordance with the fourth embodiment 
10 of the present invention; 

Fig. 17A is a cross-sectional view of a conventional blade type X-ray beam position monitor; 
Fig. 1 7B is a perspective view of a conventional blade type X-ray beam position monitor; 

Fig. 18 is a schematic view showing steps of fabricating the apparatus in accordance with the fifth embodiment of 
the present invention; and 

IS Fig. 1 9 is a schematic view showing steps of fabricating the apparatus in accordance with the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments in accordance with the present invention will be explained hereinbelow with reference to 
drawings. 

Fig. 4 illustrates spatial profile of power density of the X-ray beams. As shown in Fig. 4. X-ray beam distributes sym- 
metrically about a beam axis. Specifically, the X-ray beam is point-symmetrital about a beam axis thereof, and is line- 
symmetrical about X-axis and Y-axis. Thus, it is possible to accurately calculate a center of X-ray beam based on the 
symmetry by measuring profile of beam intensity. The present invention is based on such a principle. 

25 Fig. 5 is a schematic view of a X-ray beam position monitor made in accordance with the first embodiment of the 

present invention, and Fig. 6 is a side view taken along the line A-A in Fig. 5. As illustrated, the monitor 10 comprises 
a diamond plate 12 placed so that a X-ray beam 1 1 pass through the diamond plate 12. a plurality of electrode pairs 14 
formed on both sides of the diamond plate 1 2. a DC current source 1 7 for applying a voltage to the electrode pairs 1 4. 
and a current measuring apparatus 1 6 for measuring a current flowing between electrodes pairs. It is preferable that the 

30 diamond plate 12 is placed perpendicularly to the X-ray beam 1 1 so that the X-ray beam 1 1 passes through the dia- 
mond plate 1 2 at a center thereof. 

In operation, when the X-ray beam 1 1 passes through the diamond plate 12. free carriers such as electrons and 
holes are generated in the diamond plate where the X-ray beam irradiates. By measuring a current flowing between the 
electrode pairs 14, it is possible to measure intensity of the X-ray beam 11 passing through the electrode pairs 14. In 

35 addition, since the X-ray beam 1 1 distributes symmetrically about a center thereof as illustrated in Fig. 4. it is possible 
to find a center of the X-ray beam 1 1 by calculating a center of gravity based on the measured intensity of the X-ray 
beam 1 1 having passed through the electrode pairs 14. 

It is preferable that the diamond plate 1 2 is constituted of a single plate, as illustrated in Fig. 6. which makes It easy 
to adjust relative positions between the electrode pairs 14 and the X-ray beam 1 1 . thereby enhancing accuracy of mon- 
itoring position of the X-ray beam 1 1 . 

The diamond plate 12 may t>e constituted of a plurality of arc-shaped plates, as illustrated in Fig. 7. In case of Fig. 
7, though it is rather difficult to adjust relative position between the diamond plate 12 and the X-ray beam 1 1. it is pos- 
sible to form the diamond plate 12 in smaller-size, resulting in that the diamond plate can be more easily manufactured. 
It is preferable that the diamond plate 12 is constituted of single crystal or polycrystal thin film diamond. 

45 It Is necessary to form the diamond plate 12 in accordance with a shape of the X-ray beam 1 1 . It is preferable that 

the diameter of the diamond plate 12 is equal to or greater than 10 mm. A diamond plate having a large thickness has 
large thermal conductivity and thus can suppress temperature raise thereof, but absorbs large amount of radiation 
beam, resulting in that intensity of X-ray beams to be used is decreased. Thus, a thickness of the diamond plate is 
determined taking the above mentioned matters into consideration and in dependence on manufacturing restriction and 

50 costs. The preferable thickness is in the range of 50 jim to 400 pm. 

A plurality of the electrode pairs 1 4 are an-anged symmetrically about an intersection of the X-ray beam 1 1 with the 
diamond plate 12. such as a center of the diamond plate 12. The electrode pairs 14 may be formed in point-symmetry 
about a center of the diamond plate 1 2. or in line-symmetry about X-axis and Y-axis as illustrated in Figs. 6 and 7. Thus, 
it is possible to accurately, calculate a center of the X-ray beam with ready operation based on the measured intensity 

55 of the X-ray beam. 

It is preferable to form the electrode pairs 14 near a center of the diamond plate as much as possible in order to 
avoid to be influenced by back ground from bending magnets. It is preferable to form the electrode pairs 14 at the same 
position on both surfaces of the diamond plate 1 2. In addition, it is preferable that the electrode pair's 1 4 of metal absorb- 
ing X-rays is small and has high electrical conductivity, heat-resistance and radiation-resistance. 
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plate 31 in order to monitor position of the radiation beam 11. It is possible to calculate a center of gravity of the beam 
based on current signal from each probe. 

The metal film probe 33 or 33a and the collecting probe 34 may be placed only on a side of the diamond plate 31 . 

* Instead of the collector 34, the metal film probes 33 and vacuum vessel may be arranged to have a negative and ground 

5 potential. 

As illustrated in Fig. 9. the diamond plate 31 with the metal film probes is placed perpendicularly to the radiation 

* beam 11. and a positive potential is applied to the collector 34. The probe 33 act as a active element for detecting a 
photoelectron current. Thus. It is possible to calculate a center of gravity of the radiation beam based on the current sig- 
nal from each probe. Thus, the illustrated monitor can measure the beam position. As illustrated in Fig.10. signals are 

10 transmitted to the arithmetic processing system 1 8 through cable 51 attached to the metal film probes 33. The arithme- 
tic processing system 18 calculates a center of gravity of the beam, and feeds back the result to a device 52 for adjust 
an electron orbit, thereby making it possible to control the beam position with higher accuracy 

In a conventional X-ray beam position monitor utilizing photoelectron effect, blade-shaped metal plates are placed 
in parallel with X-ray beams. However, there has a problem that with the increase of the beam power these days, a 

75 blade may be damaged if beams are deviated for some reason. In addition, another problem is that a metal plate inter- 
rupts X-ray beams. 

In the present invention, a diamond plate with thin metal films is placed perpendicularly to X-ray beams. In accord- 
ance with the structure of the present invention in which thin metal films are coated on a diamond plate, since diamond 
has large thermal conductivity and radiation-resistance, the probe is unlikely to be damaged, even if the diamond plate 
is placed perpendicularly to the X-ray beam. In addition, the high transmission of the beams in diamond decreases 
attenuation of the beams. 

Because, the monitor fabricated in accordance with the present invention has an integral structure in which a plu- 
rality of radiation beam detecting elements are formed on a single diamond plate, and it lowers manufacturing cost and 
brings easy installation into a beam line, adjustment and repair .. 
25 It is preferable for metal of the probe is composed to have high radiation-resistance, stay stable in vacuum at tem- 

perature in the range of room temperature to 1000 °C. and have sufficient thermal conductivity Such a metal is selected 
preferably from Al. Cu. Be. W or Mo, and more preferably from Al, Cu or Be. 

If the metal film probe is thick, it Is difficult to transfer heat to the diamond plate, and. to the contrary, if it is thin, there 
would arise a problem of peeling. Thus, it Is preferable for the metal film probe to have a thickness ranging from about 
30 0.1 pm to about 10 pm. 

It is preferable that the metal film probes are formed as close as possible to a center of the X-ray beam. However, 
if the metal film probes are formed too close to the center, the probes may be damaged. If a gap between the metal film 
probes is too small, the cross talk between them may deteriorate the monitor performance. To the contrary, if the gap is 
too wide, the sensitivity for detection is also deteriorated. The division gap is to be determined in dependence on size 
35 of the beam, but is preferably in the range of about 0.5 jam to about 2 mm. 

It is necessary to arrange at least two metal film probes at either side of the diamond plate in order to monitor beam 
position. It is preferable to arrange at least four metal film probes symmetrically about a center of a beam path, as illus- 
trated in Fig. 1 1 . In addition, it is preferable that the probes cover a surface of the diamond plate as widely as possible. 

A diamond plate to be used for the present invention needs to be shaped in accordance with. a shape of a beam. 
When a circular diamond plate is to be used, it is required to prepare plate type diamond having a diameter equal to or 
greater than 10 mm. Hence, it is difficult to make artificially synthesized diamond under high temperature and high pres- 
sure and natural diamond with the required size. Even if obtained, such diamond would be quite expensive. On the 
other hand, diamond to be synthesized in accordance with vapor phase synthesis has an advantage that diamond with 
larger surface area can be fabricated at low costs. 
45 The diamond plate may be composed of single crystal diamond or polycrystal diamond. In view of costs, polycrystal 

diamond can be fabricated at lower costs. Both of single crystal and polycrystal diamond may be used in combination. 

As mentioned earlier, since the diamond plate to be used for the present invention needs to be shaped in accord- 
ance with a shape of the X-ray beam, the diamond plate ordinarily has a diameter of 10 mm or greater. The diamond 
plate has a thickness of preferably 10 pm or greater, and more preferably 50 pm or greater. If the diamond plate is too 
so thick, it would be expensive. Hence, the diamond plate has a thickness preferably thinner than 1 mm in view of costs. 
The preferable thickness of the diamond plate is in the range of 50 pm to 400 jLim. 

The diamond plate to be used in the present invention may be synthesized in accordance with any of vapor phase 
synthesis processes known in the art. A substrate on which diamond is to grow may be composed of Si. Mo or SiC. 
In general, the apparatus is designed so that radiation beams pass through a center of the monitor. The X-ray 
55 beams are attenuated, refracted and scattered by impinging the monitor, it is necessary to decrease these influences. 
Thus, there is formed a through hole at a point where most of X-ray beams pass, thereby it is possible to suppress the 
influence caused by presence of the monitor and also suppress thermal load on the monitor. 
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The X-ray beams have a certain distribution, and it's size is depend on the location of the monitor. A diameter of 
the through hole must be determined in consideration of the beam size. A preferable diameter of the through hole is in 
the range of about 0.5 mm to about 2 mm. The through hole may be formed by selective growth with the use of a mask. 

The diamond plate may be formed thinner instead of forming the through hole. A thickness of the thinner portion of 
the diamond plate is determined in dependence on operation conditions and a diameter of the thinner portion, but is 
necessary to be at least 10 ^im in terms of requisite strength. It Is preferable for the thinner portion to have a diameter 
in the range of about 0.5 mm to about 2 mm. By forming the thinner portion, the monitor can be also used as a vacuum 

windows. ^ , x o u ♦ 

The thin metal probe can have greatest sensitivity by placing it near the center of the diamond plate. Such a struc- 
ture provides higher sensitivity and accuracy. However, if the metal probe are remarkably damaged, they may be placed 
slightly away from center of the diamond plate, even in which case the sensitivity and accuracy are enhanced relative 
to a conventional monitor. 

A metal electrode through which signals are to be read out is preferably composed of material having stability at 
high temperature and possibly high radiation-resistance. For instance, the metal electrode is made of Ti. Mo. Au. Ni. Pt, 
Ta or Cr. It is preferable for the metal electrode to be placed away form a center of the X-ray beam. The metal electrode 
can be disposed by conventional process such as vacuum deposition. 

Hereinbelow will be described a detailed structure of a X-ray beam position moT\\\OT, and results of the expenments. 

[Example 1 : Provision of metal electrodes] 

A test of a X-ray beam position monitor having a diamond plate made of artificial polycrystal diamond was carried 
out It has a diameter of 1 5 mm and a thickness of 0.2 mm. A gold thin film having a diameter of 1 5 mm and a thickness 
of 0 1 ^im was used as electrode and it was divided into four sections. The gap width between the electrodes is 0.2 mm. 

In the monitor illustrated in Fig. 5. the diamond plate 12 was held by the holder 20a made of copper which could be 
vertically moved by the linear actuator 20b. Vacuum chamber were equipped with a beam port through which a X-ray 
beam is to pass and a port for pumping. A bias voltage was applied between the electrode pairs 14 formed on the both 
sides of the diamond plate 12. and a current flowing through the electrode pairs 14 was converted into a voltage by a 
current amplifier. The converted voltage was fed to the arithmetic processing system 18. 

The monitor having the structure as mentioned above was installed in a beam line, and the test was carried out. 
The apparatus has the four electrode pairs 14 formed on both sides of the diamond plate 12. A voltage was applied to 
each of the electrode pairs, and position of the X-ray beam was detected on the basis of current signals from four elec- 
trodes The X-ray beam wide is about 1 mm and it passes perpendicularly through a center of the diamond plate 12. If 
the radiation beam 11 is deviated from a center of a beam line, the deviation of the X-ray beam can be calculated in 
accordance with the earlier mentioned equations (1) and (2). 

The specification of the synchrotron radiation facility and insertion device in this example was as follows: 

Electron beam energy: 6.5 GeV 
Electron beam current: 50 mA 
Insertion device: Undulator 

Maximum flux density: About 1x10^® photons/s mrad ^ 0.1% b.w. 

When the X-ray beam irradiate the monitor, the total maximum current from the four electrodes was about 1 mA. 
The voltage applied to the electrodes was 400 V. There was obtained the position resolution of 10 pm or smaller in both 
X- and Y-axes. In addition, it was possible to control the beam position at high speed by feeding back to the undulator. 

The monitor can be installed in high vacuum condition. Due to the characteristics of diamond, the monitor is capa- 
ble of withstanding high-powered radiation beams for long time, namely, having radiation-resistance and heat resist- 
ance and providing quick response. Due to the use of the thin diamond plate having high transparency of the beam, 
the monitor is capable of having less beam loss, namely, having high transmission. Due to the symmetrical structure 
about a center of a beam line, the monitor is capable of providing high accuracy beam position measurement. Use of 
thin film diamond having been recently developed brings a easy fabrication and low cost. 

[Example 2: Provision of tlirough hole and metal electrodesl 

Figs 12A and 12B shows a diamond plate 21 to be used in the third embodiment of the present invention. A plu- 
rality of pairs of metal electrodes 23 and 23a. 24 and 24a. 25 and 25a (not illustrated). 26 and 26a (not illustrated) 
through which a current is detected are attached to the diamond plate 21 . The diamond plate 21 has a through hole 22 
in the center. 

Hereinbelow will be explained a method of fabricating the X-ray beam position monitor made in accordance with 
the present invention. As illustrated in Fig. 1 3. the plate-shaped diamond plate 21 is first prepared. Then, the metal elec- 
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trodes 23, 23a, 24. 24a, 25, 25a, 26. 26a iare coated on both sides of the diamond plate 21 . It is preferable to the metal 
electrodes to be placed at the same position on both sides of the diamond plate 21 . When X-ray beam irradiate on the 
diamond plate 21 , free carriers are generated in the diamond plate 21 with a voltage being applied between each of the 
" electrode pairs. The thus signal current are detected. It is necessary to arrange at least two, preferably at least four elec- 
£ trode pairs. 

A method of fabricating the monitor of the example 2 is described hereinbelow. 

A thin titanium (Ti) film having a diameter of 1 mm and a thickness of 0.5 pm was grown on a center of a silicon 
substrate having a diameter of 20 mm and a thickness of 2.5 mm. Then, diamond was deposited by 260 ^m thickness 
on a surface of the silicon substrate on which the thin Ti film was formed, by micro-wave plasma enhanced chemical 
10 vapor deposition. The deposition was carried out on the following conditions: 

Source gas: 1 .5 % CH4-H2 mixture gas at 250 seem and Ar gas at 45 scmm 
Pressure: 80 Torr 
Substrate Temperature: 900 **C 
15 Micro- wave output: 800 W 

Time: 140 hours 

After diamond completed to grow, the thin Ti film and a portion of the silicon substrate located below the Ti film were 
dissolved for removal. Thus, there was obtained a diamond polycrystal plate 21 formed centrally with a through hole 22 
having a diameter of 1 mm. as illustrated in a left drawing in Fig. 13. The thus obtained diamond polycrystal plate has 
a diameter of 20 mm, a thickness of 0.26 mm. and resistivity of 3.3 x 10^ n • cm. Then, vacuum deposition was carried 
out by using a metal mask to thereby form eight Ti/Pt/Au electrodes 23. 24. 25. 26 and 23a. 24a. 25a. 26a (all not illus- 
trated) on upper and lower surfaces of the diamond plate 21 , respectively 

The thus fabricated X-ray beam position monitor 30 including the diamond polycrystal plate 21 was installed on a 
25 front end of the beam line, as illustrated in Fig. 14. It is considered that the apparatus is constituted of four pairs of radi- 
ation detecting devices corresponding the electrode pairs. The beam position deviation was measured through signal 
currents from each electrode. In general, the beam having the power distribution as illustrated in Fig. 4 was irradiate 
perpendicularly on the diamond plate at a center. If the beam is deviated from a center of the diamond plate, a current 
flowing through each of the electrode pairs is changed in value. Thus, it is possible to detect the deviation of the beam 
30 by calculating a center of gravity of the beam in accordance with the above mentioned equations (1) and (2). 

A signal representing the beam deviation is fed back to the insertion device to adjust for the beam position. 

The thus fabricated X-ray beam position monitor was tested on the same conditions as the example 1 . Similarly to 
the results of the example 1 . good results on high speed and high accuracy was obtained. In addition, since most of the 
X-ray beam passes through the through hole 22 of the diamond plate 21. the beam was only slightly attenuated even 
35 after passage of the beam through the diamond plate. Furthermore, scattering of the beam at the downstream of the 
monitor was not found. The detection sensitivity and controllability of beam position remain unchanged even after 3 
weeks use. In addition, the diamond plate and metal electrodes were observed after the test. The damage of the mon- 
itor by the irradiation of the beam can not be found. 

[Example 3: Provision of through hole and diamond electrode including B-doped conductive layer] 

Figs. 1 5A and 15B show a diamond film 21 to be used in the fourth emkxxJiment of the present invention. The dia- 
mond plate 21 has a plurality of pairs of low resistive diamond electrodes 28 formed on both surfaces of the diamond 
plate instead of the metal electrodes 23 to 26 and 23a to 26a illustrated in Figs. 12A and 12B. Metal electrodes 43 to 
45 46 and 43a to 46a through which signals are read out are placed on the conductive layers 28. Similarly to the monitor 
illustrated in Figs, 12A and 12B, it is preferable to arrange at least two. preferably at least four, conductive layers on both 
surfaces of the diamond plate 21 at the same position. 

Hereinbelow will be explained a method of fabricating the monitor of this example. 

A thin titanium (Ti) film having a diameter of 1 mm and a thickness of 0.5 pm was grown on a center of a silicon 
so substrate having a diameter of 20 mm and a thickness of 2.5 mm. Then, diamond was deposited by 250 pm thickness 
on a surface of the silicon substrate on which the thin Ti film was formed, by micro-wave plasma enhanced chemical 
vapor deposition on the same conditions as the example 2. Then, the silicon substrate was taken out of a CVD appa- 
ratus, and molybdenum (Mo) was evaporated by 0.3 pm thickness on a surface of the diamond film 21 as a mask 27, 
as illustrated in section A in Fig. 16. Then, micro-wave plasma enhanced CVD was carried out to thereby deposit boron- 
55 doped diamond layers 28 on the same conditions as the example 2 except that the source gas includes 500 ppm B2He- 
H2 mixture gas at 3 seem. The boron-doped diamond layers 28 have a thickness of about 15 \im. and act as an electri- 
cally conductive layer. The Boron content was inspected with SIMS (secondary ion mass spectroscopy) with the result 
of 8x I0^^em"2. 
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Then, the silicon substrate and the mask 27 made of Mo were dissolved for removal. Then, a "^a^^ composed of 
Mo was formed and boron-doped layers having a thickness of aboirtlS ^m were formed also on a reverse surface o 
the ^amondS. 21 Thus, thTre was obtained the diamond plate 21 having a diameter of 20 mm and a th.ckness of 
2itrand having the boron<loped layers 28 having a thickness of about 15 pm on opposite surfaces thereo and 
SmS^centrarS a through hole 22. as illustrated in section B in Fig. 16. Vacuum deposition was earned ou^by 
Sing metal ma^^^ thereb y'depos« eight ™=t/Au electrodes 43 to 46 and 43a to 46a (not illustrated) on the boron- 
doped layers 28, as illustrated in section C in Fig. 16. 

The fabricated monitor with the boronOoped conductive layers was tested on the ^J^F^^^^'l^^ J^dTtSn 
1 As a result good performance on high speed and high accuracy was obtained. In addition. S/N ratio o" detection 
ligSls wts !mpr^ed Tn comparison wim an monitor having no boron-doped layers, and thus the example 3 had totally 
higher performance than the examples 1 and 2. 

[Reference 1] 

A conventional blade type monitor 48 with the tungsten (W) blade a cross-section of which ^»"^2*r^|" s ^^^^^^ 
and 1 7B was tested for the comparison on the same conditions as the example 2. There was obtained results that the 
el^nl^le 3 S^s better performance than conventional blade monitor in terms of sensitivity, accuracy for monitonng 
position, and monitoring speed. 

[Example 4] 

Diamond was grown by 250 pm thickness on the same conditions as the example 2 except ^f^^^/j^"^^^^^^ 
(0 20 mm X t 2 5 mm) used in the example 2 was equally divided into four sections, namely arc-shaped sections as 
L^at^ln Fig 18. A^er removal ofthe Jlicon substrate, metal electrodes 53 and 53a (not illustrated) each having arc 
sh Jpe as illustrated are formed on both surfaces of the diamond film, similarly to the example 2. Thus, there were corn- 
pS four arc-Shaped radiation detecting devices. These four radiation detecting ''^^'^J^;'\^"^'St^^e2 The 
Tng the same outer diameter as the example 2. and they were tested on the same conditions ^^J^e «canple 2^ The 
example 4 exhibited the same results as the example 2 in terms of sensitivity, monitonng speed and durability^ bu 
5S inferSr to the example 2 in terms of position monitoring accuracy. In addition, it was necessary to check whether 
Jie raSiSon detecting deS:es were exactly placed during the arrangement of the four radiation detecting devices. As 
a resuluHs concludi that single diamond plate with dividing electrodes are superior to detecton devices using 1 /4- 

""'"S S^een described, the X-ray beam position monitor includes a diamond plate on which a plurality of pairs 
of m^leS«aes^ conducive diamond layer electrodes, namely a diamond plate on which a pluraWy of rad.at.on 
det^;?on^Sc?s arrtormed. The monitor is placed perpendicularly to X-ray. as illustrated in Fig^ 1 4 and acts as a plu^ 
;al ty of "adiation detecting devices which detect a current generated by free carrier created when the radiation beam 
Ldiate on the diamond wrth a votege being applied between the electrode pairs^ A eerier of gravity o ^diat^n b^rn 
can be calculated based on current signal from electrode, and thus the illustrated monitor can monrtor tt^e beam p^i- 
agnlJs S^ransmrtted to the arrthmetlc processing system 1 8 through the cable 51 connected to the e^^rodes^ 
The arithmetic processing system 18 calculates a center of gravity of the beam, and feeds back the result to a beam 
JositfoTcomrorsy^^ 55 to adjust the beam position, thereby making It possit^e to control the beam posrtK,n with 

'"^''^ke X-raTLm position monitor made in accordance wrth the present invention still has the following merits of dia- 
nx>nd: high radiation-resistance; superior electrical and mechanical properties under high temperature condrtions; low 
noise; high S/N ratio; and a simple structure without p-n junction. k Hi=.mr^nH 

in oLr words, the monitor has higher sensitivity since electron-hole pairs are generated through entire d,amor,d 
unlike other semiconductor detector which generates electron-hole pairs only in a depletion layer ,n the p-n unrt lo^^ 
addrtion the generated carriers have large mobility, and hence the monitor can operate at higher speed. Furthermore, 
the monitor has great heat-resistance, and thermal load can be decreased due to the use of diamond. 

[Example 5] 

A thin titanium (Ti) lilm having a diameter of 1 mm and a thickness of 0.5 pm was grown on a 
substrate having a diameter of 20 mm and a thickness of 2.5 mm. Then, diamond was deposited by 260 JJ^^t^K.^^^^^^^ 
on a surface of the silicon substrate on which the thin Ti film was formed, by micro-wave plasma enhanced chemical 
vapor deposition. The deposition was carried out on the following conditions: 

Source gas: 1.5 % CH4-H2 mixture gas at 250 seem and Ar gas at 45 scmm 
Pressure: 80 Torr 
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Substrate Temperature: 900 °C 
Micro-wave output: 800 W 
Time: 1 40 hours 

5 After diamond completed to grow, the thin Ti film and a portion of the silicon substrate located below the Ti film were 

dissolved for removal. Thus, there was obtained a diamond polycrystal plate 21 formed centrally with a through hole 22 
• having a diameter of 1 mm, as illustrated in Fig. 19- A. The thus obtained diamond polycrystal plate has a diameter of 
20 mm. a thickness of 0.26 mm, and resistivity of 3.3 x 10^ O • cm. Then, vacuum deposition was carried out using a 
metal mask to thereby deposit metal film probes 33 and 33a (not illustrated) made of aluminum (Al) on upper and lower 

10 surfaces of a diamond plate 31 by 1 .5 ^m thickness, as illustrated in Fig. 19-6. Then, electrodes 34 to 37 and 34a to 
37a (not illustrated) through which signals are read out are disposed on the thin aluminum films 33 and 33a one by one. 
as illustrated in Fig. 19-C. Each of the electrodes 34 to 37 and 34a to 37a is composed of a multi-layered structure of 
Ti/Pt/Au. 

The thus fabricated monitor (0 20 mm x 1 0.26 mm) is placed in a beam line, as Illustrated in Fig, 10. As illustrated 
15 in Fig. 11, the monitor includes four radiation beam detecting devices 33-1, 33-2. 33-3 and 33-4 each comprising the 
thin aluminum film or metal film probe 33. and a collector (not illustrated) disposed outside. A voltage is applied between 
the metal film probes 33 and the collecting electrodes, and the beam deviation was monitored with the four radiation 
detecting devices. The radiation beam having a width of about 1 mm is normally radiated perpendicularly to the dia- 
mond plate at the center. If the beam Is deviated from the center, a signal current from the probes is changed, and 
hence the deviation of the radiation beam can be detected by calculating a center of gravity of the beam in accordance 
with the following Equations 1 , 

X=((li+l2)-(l3+l4))/(li+l2+'3+U) [Equations 1] 

^5 Y=((l 1 +\ 4)-(l 2+1 3MI 1 2+> 3+> 4) 



In the Equations 1 , 11 (i=1 . 2. 3 or 4) represents signal current from the i-numbered probe. 

After the beam deviation has been calculated, a signal representing the deviation is fed-back to an Insertion device, 
thereby making it possible to adjust the beam position. 
30 The specification of the synchrotron radiation facility and insertion device In this example was as follows: 

Electron beam energy: 6.5 GeV 
Electron beam current: 50 nnA 
Insertion device: Undulator 
35 Maximum flux density: About 1 x 10^® photons/s mrad 2 0.1% b.w. 

It was possible to control the beam position at quite high speed by feeding outputs back to the undulator from the 
monitor. 

In addition, since most of the X-ray beam passes through the through hole of the diamond plate, the beam was only 
slightly attenuated even after passage of the beam through the diamond plate. Furthermore, scattering of the beam at 
the downstream of the monitor was not found. The detection sensitivity and position controllability of beam position 
remain unchanged even after 3 weeks use. In addition, the diamond plate and metal electrodes were observed after the 
test. The damage of the monitor by the irradiation of the beam can not be found. 



45 [Reference 2] 

A conventional blade type monitor 48 with the tungsten (W) blade, a cross-section of which is illustrated in Figs. 1 7A 
and 17B. was tested for comparison on the same conditions as the example 2. There was obtained results that the 
example 5 shows better performance than conventional blade type monitor in terms of sensitivity, accuracy for monitor- 
50 ing position, and monitoring speed. 

As having been described, the present invention provides a X-ray beam position monitor at low costs, which is 
superior in heat-resistance and radiation-resistance, has high sensitivity, and operates at high speed. Furthermore, a 
diamond plate having a plurality of electrode pairs can be used as a X-ray beam position monitor by placing perpendic- 
ularly to X-ray beam. 

£5 Furthermore, the monitor can have higher sensitivity since electron-hole pairs are generated through entire dia- 
mond unlike other semiconductor detector which generates electron-hole pairs only in a depletion layer in the p-n junc- 
tion, in addition, the generated carriers have large mobility, and hence the monitor can operate at higher speed. 
Furthermore, the monitor has good heat-resistance and radiation-resistance, and thermal load caused by X-ray beams 
can be decreased due to the use of diamond. 
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It should be noted that the subject matter of the present invention is not to be linnited to the above mentioned 
embodiments. For instance, the present Invention may be used for monitoring other X-rays such as high-powered laser 
like CO2 gas laser and excimer laser and other radiation beam like ion. electron, y-rays so on. 

The X-ray beam position monitor provides advantages such as (a) providing high accuracy for monitoring position 
of X-ray beams, (b) withstanding high-power radiation beams for long time, namely, having radiation-resistance and 
heat resistance, (c) providing quick response, (d) being unlikely to be influenced by back ground from bending magnets, 
(e) having less radiation beam loss and scattering, namely, having high transmission of the beam, and thereby able to 
monitor beam position while using radiation for experiments (on-line monitoring), (f) being easy in maintenance and 
placed in high vacuum condition. 

In addition, the monitor is superior in heat-resistance and radiation-resistance and provides quick response and 
high sensitivity, and in addition, can be relatively easily manufactured at low costs. Furthermore, installation In a beam 
line, adjustment and repair are all easily accomplished. By using polycrystal diamond made by vapor phase synthesis, 
it is possible to further decrease fabrication costs. 

A X-ray beam position monitor made in accordance with the invention can be used in combination of windows uti- 
lizing high thermal conductivity, heat-resistance and radiation-resistance of diamond. In addition, the monitor may be 
used to monitor the other radiation beams like ion, electron, y-rays so on. 

While the present invention has been described in connection with certain preferred embodiments, it is to be under- 
stood that the subject matter encompassed by way of the present invention is not to be limited to those specific embod- 
iments. On the contrary, it is intended for the subject matter of the invention to include all alternatives, modifications and 
equivalents as can be included within the spirit and scope of the following claims. 



Claims 

1 . A X-ray beam position monitor, comprising a diamond plate placed so that X-ray beam pass through said diamond 
plate, and a plurality of electrode pairs placed on both sides of said diamond plate. 

2. The monitor as set forth in claim 1 further comprising a DC current source for applying a voltage between said elec- 
trode pairs, and a current measuring apparatus for measuring a current flowing between said electrode pairs. 

3. The monitor as set forth in claim 1 . wherein said electrode pairs are arranged symmetrically with one another on 
the said diamond plate about an intersection of said X-ray beam. 

4. The monitor as set forth in claim 2 further comprising an arithmetic processing system for enumerating a position 
of said X-ray beam on the basis of said current measured by said current measuring apparatus. 

5. The monitor as set forth in claim 1 further comprising a cooling mechanism for said diamond plate. 

6. The monitor as set forth in claim 4 further comprising a feed-back system for carrying out feed-back control of a 
position of said X-ray beam on the basis of a beam position enumerated by said arithmetic processing system. 

7. The monitor as set forth in claim 1 . wherein said diamond plate is composed of a single plate. 

8. The monitor as set forth in claim 1 . wherein said diamond plate is composed of a plurality of flat plates. 

9. The monitor as set forth in claim 1 , wherein said diamond plate is fabricated by vapor phase synthesis. 

10. The monitor as set forth in claim 1 . wherein said diamond plate is composed of single crystal diamond or polycrys- 
tal diamond. 

11 . The monitor as set forth in claim 1 . wherein said diamond plate has resistivity equal to or greater than 1 0^ a • cm. 

12. The monitor as set forth in claim 1 , wherein said diamond plate has a through hole in the center. 

1 3. The monitor as set forth in claim 1 . wherein said diamond plate has a thinner thickness portion in the center. 

14. The monitor as set forth in claim 1 . wherein said diamond plate has a diamond layer having lower resistivity 

15. The monitor as set forth in claim 14, wherein said diamond layer has resistivity ranging from 10"^ to 10^ Q • cm. 



16 



<EP 073e7eOAl I > 



EP 0 736 780 A1 

16. The monitor as set forth in claim 14. wherein said diamond layer having lower resistivity is a layer into which boron 
(B) Is doped. 

17. The monitor as set forth in claim 16, wherein said diamond layer having lower resistivity is a layer into which boron 
5 (B) is doped at a dose of 1 

' 18. A X-ray beam position monitor, comprising a diamond plate and a plurality of probes made of a metal film placed 
on said diamond plate, said monitor being placed perpendicularly to said X-ray beam. 

10 19. The monitor as set forth in claim 18, wherein said diamond plate is composed of diamond made by vapor phase 
synthesis. 

20. The monitor as set forth in claim 19, wherein said diamond made by vapor phase synthesis is composed of poly- 
crystal diamond. 



15 



21. The monitor as set forth in claim 18, wherein said diamond plate has a through hole in the center. 

22. The monitor as set forth in claim 18, wherein said diamond plate has a thinner thickness portion in the center. 

23. The monitor as set forth in claim 18, wherein said probe is composed of metal selected from a group consisting of 
aluminum (Al). copper (Cu) and beryllium (Be). 

24. A method of monitoring position of radiation beam, comprising the steps of: 

25 placing a diamond plate with a plurality of electrode pairs on opposite sides of said diamond plate so that the 

X-ray beam pass through said diamond plate: 
applying a voltage between said electrode pairs; 
measuring a current flowing through said electrode pairs; and 
monitoring position of said X-ray bean, based on said current. 

30 



35 
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